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n. Background 

A. ^thesis cf oligodeoocyribonucleotides and 
oligodeoxyribonucleoside metfaylphospbonates 

1. SJynthesis of ollgodeo:^ibonucleotides 
Ihe chenical ^thesis of ollgodea^ribonucleotldes 
involves the formation of ^iiosphodiester intemudeotide 
linkages. It has been accomplished by the activation of 
fhosEfaomonoesters (Fhosphodiester method) (Jacob and Khorana. 
1964), pbosphodiesters (phosphotriester method) . (Letsinger and 
Ogilvie, 1969), and phos^faites (phosphite method) (Letsinger 
and Lunsford, 1976) (see figure l). Ohe reaction between a 
nucleotide and nucleoside to form an intemudeotide linkage 
is a condensation reaction. Ml functional groqps except for 
those involved in the condensation reaction most be blocked 
witii protecting groups to prevent the formation cf side 
products. These groups are removed at the conclusion of the 
condensation reaction. 

The 5'-tydroxyl group is commmly blocked by one of a 
family of ether groc^ «diich are increasingly labile to acid 
in the order trityl < monomethoxytri^l < dimethoi^ril^l 
(Schaller et al., 1963). fiie structures of these conpounds 

> 

are shown in figure 2. . Since the amino group of the bases are 
reactive, they are protected with a benzoyl groi^ in tiie case 
of adenine and cytidine (Schaller et al., 1963) and with an 
isobutyryl moiety in the case of guanine (Agarwal et al.. 
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Figure 1. rbosphodiester. phosphotriester, and phosphite 
methods for the preparation of dideoxyribonudeotides. 
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Figure 2, 5 '-protecting groups 
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1972) (see figure 3). Both the isobutyxyl and benzoyl gra^s 
ar base labile. A number of adducts have been used to block 
the 3»-lyaroxyl group, e.g. ace^l (OAc) (Agarwal et al., 
1972) or t-butyldimethylsilyl (03BS) adducts (Ogilvie. 1973). 
Since the acetyl group is base labile, the base protecting 
groups may be partially removed as well. Siis may not be 
desirable if a polynucleotide is being synthesized, ohe t- 
butyldimetlylsilyl group can be removed by fluoride treatment. 

Ohree groups are most coomonly used to protect the 
phosphate linkage when the phosfhotriester or fbosEhite 
approaches are used. MO protecting group was used in 
the fhosphodiester method. Obe p-cyanoetfayl group has been 
used in the pfaosphotriester (letsinger et al., 1969) and 
phosphite methods (Sinba et al., 1984). lids group is 
removed by p-elimination using mild alkaline treatments. The o- 
and p-chloroph^l derivatives were developed in connection 
with tiie phosphDtriester method (Katagiri et al.. 1975). 
These groups can be selectively removed by 
tetramethylguanidium pyridine aldoximate (Aeese et al.. 
1978), a mild nudeopfaile. The methyl grot^ has been 
developed for use in the phosphite method and is removed by 
thiophenol followed by treatment with concentrated ammonium 
hydroxide (Hatteucci and G£iru^ers, 1981). Ohe o- and p- 
dilorophenyl and methyl protecting groups are not 
interchangeable between synthetic methods since it is 
virtually ispossible to make chlorophenyl phosphitylating 




Figure 3. Base protecting groups 
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agents and metlyl substituted ptositorylating agents are not 
very reactive (&lt, 1984). 

AS shown in figure l. the jbosihodiester approach 
ir^lves direct condensation of oligonucleotides bearing a 5- 
ihosEhomonoester group with oligonucleotides possessing a free 
terminal S-lyStoxyl group. Originally, the phosjhoincnoester 
group was activatei with dicydohexylcarbodiimide (Jacob and 
Khorana. 1964). Paster activation was found to be achieved 
with sudi arenesulfbnyl chlorides as mesitylenesulfonyl 
chloride or trilsopiopylbenzenesulfoi^rl <*loride (I^hrin^ and 

Khorana. 1965). The major drawback to this approach is that 
the itospbodiesters in the intemucleoUde linkages are also 

activated by these condensing agents resulting In the 
"formation of side products with S'-S' intemucleotide 
linkages. 

in the phosihotriester method, all hydroxyl groups are 
protects, thereby elimirating the 3'-3' side proAact 
• (Katagiri et al.. 1975). However sulfonates side products were 
still present >*en arenesulfoi^l chlorides were used as 
condensing agents, m an effort to circumvent this problem 
and to decrease the reaction times, more active derivatives 
were introduced. These Included arenesulforyl triazolides 
(Katagiri et al.. 1975). arenesulfonyl tetrazolides 
(Stawlndci et al.. 1977). and later mesitylenesulforyl-S- 
nitiotriazole (MSNT) (Feese t al.. 1978). 

She third ^roach or ^sihite method involves reacting 
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a protected nucleosiae with a bifunctional phosfhitylating 
agent such as netfaoxydichloroEhosiiiine (LetsLnger and 
lunsford. 1976). Ohe resulting nucleoside 3»- 
phosifeoinonochloridite is then reacted with a second protected 
nucleoside resulting in the formation o£ a dinucleoside 
phosphite. This product is converted to a shosihate by 
oxi&tion with iodine. Condensation reactions in vAiich the 
phosphite method is used are comjaeted faster than those using 
ptosph5triester chemistry. Hcie main disadvantage to this 
method is that due to its instability, the prqaraUon of the 
ptosphomonochloridate mist be carried out at -TS^C ttere is 
also considerable formation o£ 3*-3* diroer. In an effort to 
overcome these disadvantages, ptosphoramidite derivatives of 
the nucleoside phosihomonochloridite were prepared (Beaucage 
and aruthers. 1981). Ohese intermediates have been found to 
be stable and can be activated in the presence of tetrazole to 
form the intemucleotide bond. 

Oligodeoxyribonucleotides may be synthesized in solution 
or on a solid polymer sjipport. Ohe solution method has the 
following advantages (Ohtsuka et al., 1982): 1) Relatively 
large quaitities of materials (10-100 mg) can be synthesized. 
2) The ratio of 3' to 5' conponents used in the condensation 
reactions are usuaUy in the range of 1.5 to 2.0 equivalents. 
Thus, large excesses of reagents are not required. Ohe major 
disadvaiUge of the solution method is that protected 
oligonucleotides must be purified after each condensation 
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8t^ Ohis purification is usually carried out by silica gel 
column cfaromatograpliy (Miller et al.* 1980). 

Oligodeoxyribonucleotides have also been synthesized on a 
solid polymer support using both the phosEfaotriester (Ito et. 
al., 1982) and phos£fcite approaches (Matteucci and C&ruthers. 
1981). In this laethod, the growing oligomer chain is attached 
to a solid matrix via a linker arm. tbe growing 
oligonucleotide chain is therefore purified after each 
condensation step by a simple filtration and washing 
procedure. Examples of solid support materials used in 
oligonucleotide synthesis include polydimethylacrylamide (Gait 
et al., 1980), polyacrylomorphollde (Miyoshi et al., 1980), 
. silica gel (Hatteucci and Carutiiers, 1981), polystyrene (Ito 
et al., 1982), and controlled pore glass (S^roat et al., 
1983). Although the method is quite rapid, it c^ypears that 
rather large excesses (5-20 fold) of Incomixig nucleotides are 
required for reactions to go in high yield, it should also be 
noted that the scale of the synthesis can be reduced since the 
intermediates need not be isolated after each condensation 
step. Beoently, the operations involved in solid support 
synthesis have been euitomated by a number of companies, 
resulting in the mariceting of synthesis machines. 

After synthesis of deoxyribonucleotides in solution or on 
a solid support, all protecting groups cure removed. Hbe 
oligomer is then commonly purified by preparative Bigh 
Pressure Liquid Chromatogrephy (BPLO on an ion exchange or 
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reversed phase colunn (Miller et al., 1980). Recently, 
however, a new method has been devised for purifying oligomers 
by gel electrophoresis (Lo et al., 1984). The final 
oligomer can then be characterized by HELC on a reversed phase 
column and by sequencing using the Haxam-Gilbert procedure 
(Maxam and. Gilbert. 1980). 

2. synthesis of oligodeoxyribonudeoside metbylphosphonates 
Oligodeoxyribonucleoside methylphosphonates have been 
synthesized by a number of groups both in solution and on a 
solid polymer support. Initially, Miller et al. (1979) used 
mesitylenesulfonyl tetrazdide as a condensing agent in the 
reaction between a 5'-protected nucleoside 3'- 
methylphosphonate and a 3'-o-acetylated nucleoside. The 5'- 
protected nucleoside 3'-methylphospbonate is prepared by 
esterif ication of protected nucleosides with methylphosEhonic 
acid in the presence of di<^lohexylcadx>diinide. This 
procedure is analogous to that used for the preparation of 
oligonucleoside phos^triesters (Letsinger and Ogilvie, 
1969). yields were approximately 40-55%. 

Agarwal and Idftina (1979) reported the use of 
methylphosEbonic didiloride in combination with 
benzenesulfonyl tetrazolide as a phosphoi^lating and 
condensing agent. In this i^oach, methylphosphonic 
dichloride was reacted with 5 '-protected nucleoside to prepare 
5'-protected nucleoside mett;yl£2)osEhonic chloride. Tbe 
intermediate is further activated by benzenesulfonyl 
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tetrazollde. v^ch is added in the presence of the second 
nucleoside. 'Oief found that when inethylEhosihonic dichloride 
was used alone, low yields (12«) were obtained and long 
reaction tines were required. 

Qir laboratory though has found that with modified 
reaction conditions that netfaylphosphonic dichloride can act 
as a bifunctional jfaosEfcorylating/condensing agent to prepare 
nucleoside 3'-inethylphosphonic chlorides and protected di- and 
trinucleoside methylphosphonates (Miller et al., 1983a). 
This procedure represented a considerable inproveroent in tine 
and yield obtained in the preparation of reaction 
intemediates and di- and trinucleoside metfcylphospfaonates over 
the method previously used (Miller et al.. 1979). 

Our laboratory has also s^thesized oligonucleoside 
metfa^lfho^onates on silica gel and l% divii^lbenzene 
crosslinked polystyrene solid si:^rts. 5'-protected 3'- 
nethylfhosEhonic chlorides were used as synthetic 
intemediates yihen preparing these analogs on a silica gel 
support (Miller et al., 1983a). Although yields were 
approxinately 70% per step idien oligothymidylates were 
prepared on a silica gel si^^rt using this procedure, 
reactions were less efficient for other nucleosides especially 
5'-protected a Oligoners up to 12 nucleoside units have been 
prepared in which the triethylannoniun salt of S'-protected 
nucleoside 3'-metl]ylchosphonic acid is reacted with a 
nucleoside or oligonucleoside nethylphosphonate attached to a 
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i*-divinylbenzene crossllnked polystyrene solid support with 
MSOT as the condensing agent (Miller et al., 1983b). Yields 
have averaged 83% per st^ Ohe use of MSNT however can 
potentially lead to formation of side prc>ducts resulting from 
sulfonylation of the nucleoside or S'-hydracyl gratis. Qiese 
side products lower the overall yield and complicate 
purification of the oligomer. In an effort to avoid side 
reactions, we have recently tested the effectiveness of 5'- 
protected S'-methyiphosphonic imidazolides as reaction 
intermediates (Miller et al., 1985b). ihese reagents 
contain a leaving group vAiich can be activated just prior to 
the conSensation reaction. This method will be discussed in 
further detail in later sections of this thesis. 

Oligodeoxyribonucleoside methylphosEhonates have also been 
synthesized in solution and on solid supports using methods 
analogous to the phos^ite procedure. One approach involves 
the use of dichlorometfcylphosEhine as a bifunctional 
phosEhinylating and condensing agent (Ehgels and Jager, 1982). 
In this method. S'-pxotected 3*-methylphosihine chlorides 
were used as reactive Intermediates in the preparation of 
oligodeo^ribonucleoside methylptosphonates both in solution 
(Engels and Jager, 1982) and on a controlled pore glass solid 
support (Sinha et al., 1983). Dideooeynudeoside 
methylphosEhonates have also been synthesized in solution 
using nucleoside meth/lphosptonamidites as reaction 
intermediates (Jager and Ehgels, 1984). aSiese compounds have 



